Objective: Despite the obvious advantages of resective surgery in patients with drug-resistant focal epilepsy, namely high probability of seizure freedom, decreased mortality, and increased quality of life, referral rates from physicians and approval rates by patients for presurgical assessment remain constantly low. Methods: In the outpatient clinics of a tertiary epilepsy center, checklists were implemented asking treating epileptologists whether they recommended presurgical evaluation with noninvasive video-electroencephalographic monitoring to adult patients with drug-resistant focal epilepsy and asking respective patients whether they followed this recommendation. Results: Of 185 eligible patients, 80 (43%) were recommended presurgical evaluation by their epileptologists, and 24 (30%) of these patients consented. Nineteen of all patients (10%) actually underwent noninvasive presurgical assessment, and nine of these eventually proceeded to resection. The most frequent reason for nonreferral by epileptologists was their subjective appraisal of seizure frequency as low (31%), whereas patients declined most often due to overall fear of brain surgery (50%). Variables independently associated with nonreferral by epileptologists comprised older age of patients at questioning (odds ratio [OR] = 1.03), no previous evaluation for epilepsy surgery (OR = 4.04), the presence of legal guardianship (OR = 4.29), and ≥11 years of professional experience by the treating epileptologist (OR = 4.62). Independent predictors for patients' rejection of presurgical evaluation were older age at questioning (OR = 1.08), lifetime number of antiepileptic drugs ≥ 5 (OR = 4.47), presence of focal aware seizures (OR = 4.37), and absence of focal seizures with impaired awareness (OR = 11.24). Significance: In both epileptologists and patients with difficult-to-treat epilepsy, we found high decision rates against presurgical assessment. Some reasons given by physicians for not recommending presurgical evaluation to patients may be understandable; others need further exploration. On the patients' side, early and thorough counseling on risks and benefits of epilepsy surgery is necessary to increase understanding and acceptance.
| INTRODUCTION
In patients with drug-resistant focal epilepsy, 1 resection of the seizure focus represents the most successful treatment option to achieve seizure freedom. [2] [3] [4] Furthermore, epilepsy surgery results in significantly reduced mortality 5 and increased quality of life. 6 Thus, in patients with intractable focal epilepsy, early evaluation for candidacy for epilepsy surgery is highly recommended. 4, 7, 8 Despite the obvious benefits and unequivocal recommendations, surveys on attitudes toward epilepsy surgery in Europe and North America have revealed ambiguous responses from neurologists [9] [10] [11] and hesitation in epilepsy patients. 12, 13 A majority of neurologists from several countries defined medically refractory epilepsy as a failure of three to five antiepileptic drug (AED) monotherapy trials, thus delaying referral to epilepsy surgery. [9] [10] [11] [12] One-third of neurologists did not view epilepsy surgery as beneficial to the patient. 9, 10 In two recent surveys from Canada and Italy, >50% of affected patients stated that they considered epilepsy surgery to be very dangerous and >60% saw it as a last resort treatment only. 13, 14 The current study was performed at the outpatient clinics of a tertiary epilepsy center and aimed to assess how many patients with intractable focal epilepsy were recommended by their epileptologists to undergo presurgical evaluation with noninvasive video-electroencephalographic monitoring (VEM) and how many patients followed this recommendation. Furthermore, we intended to identify clinical variables independently associated with epileptologists' nonreferral and patients' refusal.
| MATERIALS AND METHODS
The tertiary epilepsy center in Berlin, Germany comprises four adult outpatient clinics, three at different campuses of the Charité University Hospital and one at a nonacademic hospital, geographically covering vast parts of the city. The outpatient clinics care both for patients with new onset epilepsy and for patients with difficult-to-treat forms of epilepsy. Patients are referred to the epilepsy outpatient clinics by neurologists, general practitioners, or themselves. In the epilepsy outpatient clinics, some patients are seen only once (eg, for a second opinion), and others are treated regularly on a long-term basis. Potential referral to inpatient presurgical assessment with noninvasive VEM is mostly performed by epileptologists at the outpatient clinics, and only very rarely by general neurologists or general practitioners.
In 2016, we established a structured checklist for the clinical routine at our epilepsy outpatient clinics. The checklist was introduced as a tool to better structure communication to patients about referral to presurgical assessment. We do not have a preset protocol in place on how to precisely communicate the recommendation for presurgical assessment, but we assume that the benefits and possible risks of epilepsy surgery were conveyed to the patients by the epileptologists in a similar way. The general consensus at our center is that this includes at least information on expected unfavorable seizure prognosis with pure pharmacological treatment, on the risk of seizure-related injuries, on sudden unexpected death in epilepsy (SUDEP) if bilateral tonic-clonic seizures are present, and on psychosocial consequences with respect to driving and occupational life. In addition, patients are informed generally on seizure freedom rates after open resective surgery (laser ablation was not available in Europe at the time point of the study).
In the framework of this study, we wanted to assess how many patients with intractable focal epilepsy are recommended admittance to presurgical evaluation and how many patients or-in those with intellectual disabilitiestheir legal representatives agreed with their epileptologists' recommendation. Furthermore, we wanted to learn why patients were not referred and why patients or their legal representatives refused the recommendation. If epileptologists did not recommend presurgical assessment, they were asked to select one or more from a list of nine predetermined reasons. The list comprised (1) psychiatric comorbidity, (2) low seizure frequency, (3) low seizure severity, (4) no assumed success of surgery, (5) old age, (6) progressive medical disorder, (7) patient not yet known well enough, (8) high administrative expenses, and (9) assumed postoperative neurologic deficits. If patients rejected their epileptologists' recommendation for presurgical evaluation, they were requested to choose one or more of eight predetermined reasons. These were (1) overall fear of brain surgery, (2) low seizure frequency, (3) low seizure severity, (4) no assumed success of surgery, (5) fear of postoperative cognitive deficits, (6) fear of postoperative physical handicap, (7) hope for new AEDs, and (8) diffuse reasons (this was an option if patients had misgivings about the referral but could not assign those to one of the other aforementioned categories). For both epileptologists and patients,
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• In both epileptologists and patients, reluctance toward presurgical evaluation and therefore possible epilepsy surgery is high • Predictors for nonreferral by epileptologists and rejection by patients as identified in this study may in part explain this hesitance • Future research should shed more light on epileptologists' reluctance toward presurgical assessment "low seizure frequency" and "low seizure severity" were subjective appraisals that they deemed to be below the threshold for referral to presurgical assessment. Finally, we offered the possibility to fill in "other" reasons in a free text field at the bottom. For this study, we retrospectively analyzed the checklists filled out between January 1 and June 30, 2016. Patients with previous presurgical assessments, all of which had been performed at our center prior to the current study (median = 4 years), who had not yet undergone surgery but who were still potential candidates, were included in the analysis. These patients, for example, had no or not enough seizures at their previous VEM, and at first had not decided to undergo further VEM. We performed subgroup analyses excluding these patients with previous presurgical evaluations. Patients with prior unsuccessful epilepsy surgery were excluded, as they represent a group with specific challenges. Additionally, we retrospectively collected the following clinical data for each patient: sex, age at first seizure, age at questioning, number of current AEDs, lifetime number of AEDs (including current), presence of specific seizure types (focal aware seizure, focal seizure with impaired awareness, focal to bilateral tonic-clonic), epilepsy syndrome (temporal lobe epilepsy vs extratemporal lobe epilepsy), magnetic resonance imaging (potentially epileptogenic lesion vs no lesion), previous presurgical evaluation, psychiatric comorbidity ever, and current legal guardianship. We also verified whether patients who had agreed on presurgical evaluation at the outpatient clinic eventually were admitted to our presurgical monitoring unit until the middle of 2017 (ie, 12-18 months after they had been surveyed). Finally, we characterized the referring epileptologists based on their years of professional experience in clinical epileptology at the time of filling out the checklists (≤10 vs ≥11 years).
This retrospective study was approved by the institutional review board of Charité-Universitätsmedizin Berlin.
Statistical analysis was performed with SPSS Statistics 24.0 (IBM). Binary regression analysis (inclusion method: stepwise backward; P < 0.1 [P in], P < 0.05 [P out]; iteration 20; cutoff set at 0.5; constant included) was performed to calculate odds ratios (ORs) with 95% confidence intervals as estimates for variables independently predicting whether physicians did not recommend presurgical monitoring and whether patients did not adhere to this recommendation. Statistical significance was set at P < 0.05.
| RESULTS
In the 6-month study period, checklists were filled out for a total of 225 consecutive patients. Forty patients who had undergone prior epilepsy surgery but had not become seizure-free or in whom presurgical diagnostic workup had been finally concluded with the result of ineligibility for surgery (ie, due to multifocal seizure onset or overlap with eloquent cortical structures) were excluded from the analysis ( Figure 1) . Eventually, 185 patients (56% male) were included in this analysis (Table 1) .
Eighty patients (43%) were recommended presurgical evaluation by their treating physicians (Table 1) , 24 of whom (30%) agreed on their physicians' recommendation ( Table 2) .
Epileptologists most often did not recommend presurgical evaluation because of low seizure frequency (31%). In those patients who did not adhere to their epileptologists' recommendation, overall fear of brain surgery was given as a reason in every other case. All predefined reasons chosen by epileptologists and patients against referral to epilepsy surgery are summarized in Figure 2 .
Overall, nine epileptologists had filled out checklists at our outpatient clinics. Median duration of experience in clinical epileptology was 20 years (interquartile range = 8-25 years). We divided epileptologists into those with ≤10 years of experience (n = 5, range = 4-10 years) versus those with ≥11 years of experience (n = 4, range = 20-38 years). The former group recommended presurgical assessment in 40 of 67 patients (59.7%); the latter made this recommendation to 40 of 118 patients (33.9%).
Following binary logistic regression analysis, variables independently associated with physicians' nonreferral comprised older age of patients at questioning (OR = 1.03), no previous evaluation for epilepsy surgery (OR = 4.04), legal guardianship (OR = 4.23), and ≥11 years of professional experience in clinical epileptology (OR = 4.62; Table 1 ).
F I G U R E 1 Flowchart demonstrating which patients were included in the study and which were not. Patients had been precluded from resection, either because their epilepsy was multifocal or because there was an overlap between seizure onset zone and eloquent brain structures The regression model was calculated for n = 180 patients, as information on the variable psychiatric comorbidity was missing for five patients. Four AEDs was chosen as the cutoff because this was the median lifetime number of AEDs the study cohort had been administered. Independent predictors for patients' rejection of recommendation for presurgical evaluation were older age at questioning (OR = 1.08), lifetime number of AEDs ≥ 5 (OR = 4.47), presence of focal aware seizures (OR = 4.37), and absence of focal seizures with impaired awareness (OR = 11.24; Table 2) .
Fifty-nine patients had received prior presurgical assessment at our center at a median of 4 years (interquartile range = 2-4 years) prior to the current study. The subgroup analysis on the 126 patients without prior presurgical evaluation yielded very similar results; details are presented as supplemental material (Tables S1 and S2 ).
Twelve to 18 months after this survey, 19 of the 24 patients (79%) who had agreed on presurgical evaluation at the outpatient clinic eventually made an appointment for inpatient admittance; this represents 10.3% of all patients with intractable focal epilepsy analyzed here. Seventeen patients completed the diagnostic procedures, three were recommended resection (two agreed), 10 were recommended phase II VEM with intracranial electrodes (nine consented and seven eventually were resected), three required further scalp VEM due to lack of seizures, and in one further patient without seizures in VEM, diagnostic steps were paused due to current good seizure control.
| DISCUSSION
In our cohort of patients with intractable focal epilepsy, even epilepsy specialists recommended admittance to inpatient presurgical noninvasive evaluation in less than every other case. Less than a third of the patients with recommendation consented to this diagnostic procedure. Eventually, only one in 10 eligible patients treated at the outpatient clinics of our tertiary epilepsy center underwent presurgical assessment. These data confirm the presumed significant underuse of presurgical monitoring and thus of possible subsequent epilepsy surgery. 7, 8 Recently, the proposal that all patients with drug-resistant epilepsy should receive consultation at a "full-service epilepsy center" has been advocated, the reasoning being that more patients would undergo epilepsy surgery. 7 Contrary to this expectation, we have seen that at the outpatient clinics of our epilepsy center referral rates to presurgical assessment did not differ significantly from the rates surveys had revealed for general neurologists or general practitioners. [9] [10] [11] [12] The Canadian Appropriateness of Epilepsy Surgery (CASES) tool addresses this issue and tries to provide a guide for determining candidacy for epilepsy surgery. 15 This online tool is still a work in progress and has been tested for feasibility in end users (family medicine physicians, pediatricians, child and adult neurologists). 16 It has been further assessed using the population-based Swedish National Epilepsy Surgery Register, thereby retrospectively applying the tool to patients who had already undergone epilepsy surgery. The CASES tool was demonstrated to be highly sensitive in identifying epilepsy surgery candidates correctly. 17 In our study, epileptologists frequently noted low seizure frequency and severity as reasons for nonreferral. This may be reasonable in some cases (eg, patients who have one or two focal seizures with impaired awareness per year or who have focal aware seizures exclusively) and may challenge the rather broad definition of drug resistance in epilepsy, 1 which is the main basis for identifying potential candidates for epilepsy surgery. 8 In the free text box headed "other," physicians most often mentioned severe intellectual disability as a reason for nonreferral. In accordance with that, legal guardianship and thus presumed intellectual disability have been identified in our data to be an independent predictor for epileptologists not to refer patients to presurgical monitoring. Although the postoperative seizure freedom rate seems to be a function of intelligence quotient (IQ), even patients with an IQ of 50-69 have been reported to become seizure-free in 37% of cases. 18 To our surprise, longer duration of epileptologists' clinical experience was independently associated with nonreferral to presurgical evaluation. This counterintuitive finding demonstrates at least that shorter duration of experience in clinical epileptology does not decrease the likelihood of recommendation for presurgical evaluation. But it might also reflect higher vigilance of this younger generation of epileptologists due to an update in training on the benefits of epilepsy surgery.
On the patients' side, overall fear of brain surgery, fear of postoperative general physical handicaps, and fear of postoperative cognitive deficits are frequently given reasons for the decision against presurgical monitoring. These comprehensible worries should be taken seriously. Early and thorough counseling of patients on benefits and risks of acute and chronic complications of epilepsy surgery has been shown to result in larger acceptance. 13 However, in the free text box headed "other," some patients expressed that they were quite content with their current seizure situation and did not want anything to change. One might speculate that some patients may well have integrated chronic epilepsy into both their private and occupational life for decades. In some cases, postoperative seizure freedom may result, for example, in reduction or loss of disability pension, as this is linked to severity of the chronic disease as cause for disability. Additionally, it should not be disregarded that taking part in the diagnostic procedure or, at a later stage, undergoing surgery could have individual repercussions, as patients might have to take time off work, which for example could result in lost wages. Patients were less likely to follow the recommendation for presurgical evaluation if they had five or more AEDs in The regression model was calculated for n = 79 patients, as information on the variable psychiatric comorbidity was missing for one patient. their lifetime, indicating a longer and more severe course of epilepsy. Our findings strengthen the generally recommended approach for early epilepsy surgery once drug resistance has become evident. 2, 4, 7, 8 Specific seizure types also influenced patients' decisions on epilepsy surgery. It should be noted, however, that of those 56 patients who rejected their physicians' recommendation for presurgical assessment, 20 (36%) had overlapping seizure semiologies, which could have influenced the independence of these predictors. Focal aware seizures decreased whereas focal seizures with impaired awareness increased the likelihood that patients considered presurgical evaluation. One could hypothesize that focal aware seizures give patients a feeling of security because of their warning sign function. In contrast, focal seizures with impaired awareness may make patients feel insecure.
For both epileptologists and patients, older age of patients was an independent predictor of deciding against presurgical assessment, although one should highlight that the ORs were only slightly greater than one and thus these associations might not be strong. Median age of the nonreferred patients and of those who rejected the referral was only 48 and 45 years, respectively. Age greater than 50 or even 60 years is not associated with a more unfavorable outcome after seizure focus resection, 19 and patients of this age group should also be offered surgery if eligible. 7 If patients had not been previously evaluated for epilepsy surgery, epileptologists were less prone to referral. The probable bias here might be that those patients with a history of presurgical evaluation did already have distinct recommendations, for example, for repetition of noninvasive VEM, which at first they did not meet. Therefore, they were referred again to continue a diagnostic process that had already been started. To take this into account, we performed a subgroup analysis excluding the 59 patients with prior presurgical assessment. Interestingly, we identified exactly the same variables to be associated with physicians' nonreferral as in the primary analysis on all patients. In addition, 70% of patients rejected their physicians' recommendation for presurgical evaluation, regardless of whether all patients were considered or only the subgroup without Multiple responses were allowed. Under "other," physicians as well as patients could give reasons beyond those already predefined in a free text box. Physicians mostly named preexisting severe intellectual disability as well as presumed nonadherence in regard to regular intake of the antiepileptic medication as cause for ongoing seizures. Patients quite frequently named diffuse fear of negative consequences postoperatively (eg, wanting to wait for the evaluation until their children were older in case something "bad" happened to them), but some also mentioned being content with the current seizure situation and not wanting any change. AED, antiepileptic drug; post-OP, postoperative prior presurgical assessments. However, in this subgroup, association of variables with patients' rejections could not be analyzed, as the group size was too small to undertake a multivariate analysis. The foremost limitation of this study is its monocentric and retrospective design. The current data may not be transferable to the whole population of patients with intractable focal epilepsy, given that they were seen and treated by epilepsy specialists at a tertiary epilepsy center.
As mentioned earlier, surveys among neurologists revealed highly ambiguous attitudes toward epilepsy surgery. [9] [10] [11] [12] Therefore, overall referral rates of patients with drug-resistant focal epilepsy to presurgical assessment might be even lower than the 43% found in the current study. Erba and colleagues studied this point in a survey by comparing willingness to refer patients to epilepsy surgery in adult and child neurologists versus a group of academic and clinical leaders in the field of epilepsy. They showed that in only one-third of cases general neurologists aligned with epileptologists' opinions.
12
Regarding patients' negative attitudes toward epilepsy surgery, our work largely confirms previous findings from other surveys despite our monocentric design. Earlier studies have included a more heterogeneous mix of patients (focal and generalized epilepsies, no specific regard to state of seizure control), which mostly have been naive to the concept of epilepsy surgery. 13 In contrast, our cohort was highly selected for a significant percentage of patients not to be naive to the concept of epilepsy surgery, having undergone presurgical assessment at our center in the past. Despite the differences of the two study populations and of the methodological approaches employed, the concerns that may lead to resistance to epilepsy surgery are quite similar in both cohorts. Future prospective studies should include larger numbers of patients with intractable epilepsy at multiple centers and in private neurology practices to further understand the patterns and causes of physicians' and patients' barriers toward evaluation for epilepsy surgery. Additionally, implementation of a hierarchical order of reasons against referral may help to further elucidate obstacles to presurgical assessment and eventually epilepsy surgery.
In summary, reluctance toward presurgical evaluation was high both in epileptologists and in patients. Our findings call for early and more in-depth counseling of patients with intractable epilepsy, taking into consideration their understandable fears of brain surgery. Future research may help to further elucidate the restraint of physicians toward epilepsy surgery.
